Abstract: Higher education institutions (HEIs) can play a key role in facilitating the transition to a low-carbon economy, where greenhouse gas emissions reporting is a vital first step in this process. While most UK HEIs are now required to report their estates emissions, a robust approach requires consideration of all significant emission sources, where engagement with voluntary reporting of supply chain emissions has been inconsistent. This research examined the potential significance of emissions arising from the air travel of international and study abroad students and their associated visiting friends and relatives (VFR). Based on a survey, we found that average student flight frequencies were substantially higher than the values assumed in sector guidance. Using our estimates of flight frequencies, along with publicly reported emissions and international student numbers for a sample of 25 HEIs, we found student and VFR emissions to be highly significant, each being greater than all other Scope 3 travel emissions and comparable to Scope 2 emissions. Scenario analysis suggests that by 2020/21 increases in student and VFR flight emissions are likely to exceed reductions in estates emissions unless HEIs reinvigorate efforts to achieve their ambitious reduction targets, and/or there is close to zero annual growth in inbound and outbound student numbers. Furthermore, we highlight the potential for rebound type effects, where if HEIs took action to encourage fewer student flights, the number of VFR flights may increase to maintain a similar degree of student-VFR contact. We therefore argue that it is imperative that UK HEIs develop an accurate picture of these emissions in order to identify effective reduction options and inform both their carbon management and internationalisation strategies.
Introduction
Globally, the Higher Education (HE) sector can play a key role in facilitating the transition to a low-carbon economy. As organisations, HE institutions (HEIs) can be considered analogous to small cities with significant environmental impacts (Klein-Banai and Theis 2011), where in recent years, many have started to embed sustainable practices into their systems (Lozano et al. 2015) . While campus greening is often an area of focus (Muller-Christ et al. 2014) , the potential contribution of HEIs is not limited to the operation of their estates, but extends to a wider sphere of influence through their role as educators, researchers, and community leaders (UNESCO 2012) . Although a number of tools have been developed for sustainability assessment across core HEI activities (operations, education, research, outreach) , sustainability management remains in its early stages with few HEIs producing sustainability reports (Lozano 2011; Ceulemans, Molderez, and Van Liedekerke 2015) . However, HEIs are increasingly reporting their carbon footprint (the GHG emissions arising from their activities) as a measure of sustainability (Klein-Banai and Theis 2013) . While taking action on climate change is only one aspect of the sustainable development agenda, it is widely recognised that the two are intrinsically linked (Pinkse and Kolk 2012) , thus GHG emissions reporting can be viewed as an important first step for HEIs that enables identification of sustainability initiatives and ultimately improved performance (Townsend and Barrett 2015) . Here we focus on carbon management in the UK HE sector, examining the significance of student air travel in the context of GHG emissions reporting.
UK HE sector GHG emissions reporting
All UK HEIs are expected to contribute to the ambitious national targets to reduce emissions, although specific requirements vary across the funding councils and devolved governments (Table 1) . Robust approaches for the measurement of GHG emissions are thus needed to identify the best options to reduce emissions, for target setting, and to assess the impact of mitigation measures (Wright, Kemp, and Williams 2011) .
[ Table 1 near here]
The GHG Protocol provides some of the most widely used guidance in GHG accounting, where the Corporate Standard (WBCSD/WRI 2004) introduces the concept of 'Scopes' to assist in defining operational boundaries. Scope 1 (direct) emissions arise from sources owned or controlled by an organisation, Scope 2 (energy indirect) emissions arise from the generation of purchased energy, and Scope 3 (other indirect) emissions are all other supply chain emissions that arise as a consequence of the activities of an organisation. Under the Corporate Standard, the minimum reporting boundary includes all Scope 1 and 2 emissions, while under the supplemental Scope 3 Standard, the boundary should be extended to include all significant Scope 3 emissions (WBCSD/WRI 2011a). Evaluating these Scope 3 emissions is recognised as a sizeable challenge due to issues relating to boundary setting, data availability, and calculation reliability (Schaltegger and Csutora 2012; Williams et al. 2012) . With specific reference to the HE sector, a number of studies have highlighted the importance of sector level guidance to help address these issues (thus ensuring consistency and enabling comparability) by setting clearly defined boundaries and identifying appropriate calculation methodologies (Ozawa-Meida et al. 2013; Robinson et al. 2015; Townsend and Barrett 2015) .
In terms of sector reporting, HEIs in England, Wales and Northern Ireland are required to make an environmental management record (EMR) return to the Higher Education Statistics Agency (HESA). Making an EMR return is optional for Scottish HEIs, although in practice the majority choose to do so. Within the EMR return, it is mandatory to report all Scope 1 and 2 emissions, along with Scope 3 emissions from water supply and wastewater treatment (HESA 2014a) . Introduced in the 2013/14 reporting year, HEIs can also voluntarily submit data for Scope 3 emissions sources associated with waste, travel and procurement (HESA 2014a) , where guidance has been produced to assist in the consistent calculation of these emissions (HEFCE 2012a; 2012b; 2012c) . The Higher Education Funding Council for England (HEFCE) recommends reporting against all of these Scope 3 sources, and has signalled that mandatory reporting may be extended to include these sources in the future (HEFCE 2015) .
In the 2013/14 EMR return (HESA 2014b), only 27 of 159 HEIs reported against all available Scope 3 sources, where the emissions reported by two HEIs appeared erroneous (Appendix 1, available as supplemental material). For the remaining 25 institutions, the voluntarily reported emissions accounted for 71% of total reported emissions (51% to 88% on an institutional basis). This clearly illustrates the significance of Scope 3 sources, where narrowly set boundaries can significantly underestimate emissions and thus provide a misleading picture of an organisations carbon footprint (Matthews, Hendrickson, and Weber 2008; Williams et al. 2012 ).
Extending the reporting boundary -the case for accounting for student air travel
Whilst extending mandatory reporting across all current EMR Scope 3 categories would clearly represent an improvement in UK HE sector reporting, there are other potentially significant emission sources that fall outside of this boundary. Specifically, student travel emissions are presently limited to commuting, defined as travel between the term-time address and the HEI (HESA 2014c). Thus, emissions associated with student travel between home and term-time addresses, or to participate in study abroad programmes are not included. Although not part of the EMR return, HEFCE good practice guidance does include accounting for international and study abroad student air travel (HEFCE 2010b) , likely the most significant component of these additional emissions. However, according to the People and Planet University League (PPUL), only nine HEIs have included these emissions in their carbon management plans (PPUL 2015) .
Extending the reporting boundary to account for student air travel may prove challenging for (or be challenged by) HEIs for a number of reasons. Firstly, given that there are minimal alternatives to air transport, these emissions will likely increase in line with the continued internationalisation of the sector and the drive to increase inbound and outbound student numbers (Long, Vogelaar and Hale 2014; Townsend and Barrett 2015) . Secondly, questions can be asked regarding responsibility for the associated emissions, where the guidance provided by the GHG Protocol is potentially open to interpretation regarding whether or not they are attributable to the HEIs.
According to the Scope 3 Standard (WBCSD/WRI 2011a), organisations should report downstream emissions resulting from the use of sold products, where the critical issue in setting boundaries is to consider the purpose that the service fulfils, and service delivery "encompasses all operations required to complete a service" (WBCSD/WRI 2011b:40). We argue that HEIs are explicitly providing education for overseas students and study abroad opportunities as service offerings, where students are required to travel in order to access these services. Thus, at a minimum, travel between the UK and the overseas country at the start and end of the study period should be included in an HEIs Scope 3 emissions. Whether or not any additional flights that students elect to make are attributable to the HEI is more questionable. It could be argued that these emissions form part of the service-use profile (and are therefore attributable), or that as non-essential travel, the students bear responsibility for any additional flights. We suggest that when offering a service of overseas education that is delivered over an extended period, it is not reasonable to expect that students would not travel home during that period, and as such, additional flights form part of the service-use profile.
Following similar reasoning, we question whether the reporting boundary should be extended further to include emissions arising from the flights of visiting friends and relatives (VFR). VFR trip generation has been identified as a key socio-economic benefit associated with the UK international student population, where according to Bischoff and Koenig-Lewis (2007) , for 73% of VFR the sole motivation for travel was a wish to see the student concerned (with 27% holding joint motivations, combining a student visit with a holiday or event in the area). Thus if action were taken to encourage fewer student flights, it is conceivable that the number of VFR flights might increase, decreasing or negating any expected reduction in economy-wide emissions (c.f. rebound and backfire effects; Druckman et al. 2011) . Thus, although VFR travel may be considered a leakage or secondary market effect, and to fall outside of an HEIs 'Scopes' (WBCSD/WRI 2004), we suggest that the significance of VFR travel should be evaluated, and potentially acknowledged under 'Other' emissions.
Accounting for student air travel -calculation reliability
Notwithstanding the arguments presented above, in order to have an informed debate regarding responsibility for student and VFR travel emissions, and the efficacy of potential mitigation measures, it is necessary to understand the significance of those emissions, where this requires robust accounting practices.
While HEFCE guidance includes a methodology for estimating emissions from student air travel (HEFCE 2010b), we question the robustness of the assumptions regarding trip distance and flight frequency. Following a standard approach, student flight emissions (FS) can be estimated as:
Where D is the return flight trip distance, (1+A) is the number of return flights per year, where 1 represents the flight at the start and end of the study period and A is the number of additional flights, and CF is the appropriate conversion factor (short-haul or long-haul) as published by the UK Government (DEFRA/DECC 2014a).
In the HEFCE guidance, D is estimated as twice the great circle distance (GCD) between London Heathrow (LHR) and the capital city of the overseas country (HEFCE 2010b). However, if the overseas country is unknown, the GCD is assumed to be 400 miles for shorthaul flights and 4000 miles for long-haul (HEFCE, 2010b) . With regard to flight frequency, A is assumed to be one for inbound (international) students from the European Union (EU), and zero for other inbound and all outbound (study abroad) students (HEFCE 2010b) . However, there is no prior research on which to base these assumptions (SQW Consulting/SQW Energy 2009) where there may or may not be differences between the travel behaviour of different student groups, and average trip distances and flight frequencies may be substantially different, particularly if both student and VFR flights are considered. This paper seeks to address these issues and to assess the significance of student air travel emissions. In Section 2 we report the results of a survey examining student and VFR travel behaviour. Section 3 then presents a sensitivity analysis of the HEFCE (2010b) methodology to assess the appropriateness of the recommended assumptions. Following this, Section 4 contextualises student and VFR flight emissions by examining their significance in comparison to GHG emissions for those HEIs who reported against all available categories in the 2013/14 EMR return. In section 5, we evaluate the magnitude of these emissions for the UK HE sector in 2013/14 and examine the potential future significance in 2020/21 under a range of scenarios. Finally, we make recommendations regarding reporting of student air travel emissions and identify areas for future research.
Student travel behaviour
The survey instrument was an online, self-administered questionnaire targeting international (inbound) and study abroad (outbound) students registered at UK HEIs. In addition to demographic questions, respondents were asked to identify their overseas airport, their flight frequency, and the flight frequency of VFR. A copy of the questionnaire is provided in Appendix 2, available as supplemental material.
In total, 673 useable responses were received from students registered at 26 UK HEIs between December 2014 and February 2015. Table 2 presents a breakdown of respondents by study group and region in which the UK HEI of enrolment is located. An analysis of student and VFR flight frequency is provided below, and both the overseas airport and flight frequency are utilised in the sensitivity analysis presented in Section 3.
[ Table 2 near here] Table 3 presents the average number of additional flights made by inbound students by region of domicile and level of study. A Kruskal-Wallis test revealed some significant differences between world regions for all students (n=498, H=138.954, p<.001), for undergraduates (n=142, H=26.011, p=.001) and for postgraduates (n=324, H=95.464, p=.001). Follow up pairwise comparisons indicated significant differences between European regions (EU-28 and Other Europe) and North America, Asia and the Middle East, Africa, South America, and Oceania. Conversely, the European regions were not statistically different to each other, nor were there any significant differences between the other world regions. We therefore suggest that average flight frequency can be well described using domicile groups of 'Europe' and 'Rest of the World' (RoW).
Student flight frequency

Inbound students
[ Table 3 near here]
For RoW nationals there were no significant differences in the average number of flights according to level of study. However, for European nationals, postgraduates made more flights than undergraduates (n=179, U=3814.000, p=.006), where this most likely reflects the difference in typical academic year length (postgraduates 12 months; undergraduates 9 months), with both groups displaying a similar flight frequency of ~0.2 flights per month. As the proportion of undergraduate and postgraduate students in the survey sample differed from that in the UK student population, a weighted average of flight frequency was calculated, where European students made 2.1 additional flights per year, and RoW students made 1.0 additional flight per year (Table 3) . Table 4 presents the average number of additional flights made by outbound students by period of study and region of destination (no significant differences according to level of study, data not shown). For those studying abroad for one year, a Kruskal-Wallis test revealed some significant differences between world regions (n=107, H=28.791, p=.001). Follow up pairwise comparisons indicated significant differences between EU-28 and Oceania (p=.001) and North America (p=.007). No significant differences between world regions were found for students studying abroad for less than a year. However, we found nothing to contradict the European and RoW groupings identified for inbound students, and when these were applied, significant differences were found (one year: n=107, U=2191.000, p<.001; less than a year: n=68, U=582.000, p=.011). Thus using these destination groupings, on average students studying abroad for one year made 2.4 additional flights if studying in Europe and 0.9 additional flights if studying in the RoW, while students studying abroad for less than 1 year made 1.1 additional flights if studying in Europe and 0.4 additional flights if studying in the RoW.
Outbound students
[ Table 4 near here]
VFR flight frequency
This section considers the total number of flights made by VFR, as all VFR flights can be considered additional to the return flight made by the student at the start and end of the study period. Table 5 presents descriptive statistics for the number of VFR flights by study group and the domicile/destination groupings identified above (no significant differences according to level of study, data not shown). For inbound students, 77% of Europeans and 56% of RoW nationals received at least one visitor, with averages of 2.9 and 1.4 respectively (n=498, U=38,920.500, p=.001), where these results are comparable to previously reported values (Bischoff and Koenig-Lewis 2007) . For outbound students studying abroad for one year, 78% of those studying in Europe and 65% of those studying in the RoW received at least one visitor with averages of 4.0 and 2.2 respectively (n=107, U=1859.000, p=.006). For those studying abroad for less than a year, the number of visitors is considerably lower where only 43% of students received at least one visitor with an average of 1.0 (with no significant difference between students visiting Europe and the RoW).
[ Table 5 near here]
Sensitivity analysis of the HEFCE assumptions
This section presents a sensitivity analysis of the HEFCE (2010b) methodology for estimating GHG emissions from student air travel, where the appropriateness of the recommended assumptions relating to trip distance and flight frequency were tested against the results of the student survey. For completeness, assumptions incorporated in the conversion factors were also tested. In each test, the parameter in question was changed whilst keeping all other parameters fixed. The test parameters and results of the sensitivity analysis are presented in Table 6 and discussed below, where differences in estimated GHG emissions are expressed relative to the standard HEFCE estimate for the student survey sample of 1,222 tCO2e.
[ Table 6 near here]
Trip distance
All UK HEIs hold data on the country of domicile or destination of their students, thus for the standard HEFCE estimate we adopted a GCD between LHR and the overseas capital city (HEFCE 2010b) . However, we also tested the GCDs recommended by HEFCE (2010b) in cases where the overseas country is not known (UK-Europe = 400 miles; UK-RoW = 4,000 miles; Table 6 , simple HEFCE estimate). It can be seen that these simplifying assumptions result in a significantly lower estimate of emissions and are thus not only unnecessary but also inappropriate. In comparison, the average GCDs for our sample were 725 miles for UK-Europe flights and 5,285 miles for UK-RoW flights.
In the sensitivity analysis, we tested the impact of using the GCD between LHR and the actual overseas airport identified by each student in the survey. While a significant proportion (46% of inbound and 65% of outbound) of students did not fly to or from the capital city in their country of domicile or destination, the sensitivity of estimated emissions to this parameter was low, with a revised estimate only 2% higher than the standard HEFCE estimate at 1,247 tCO2e.
Flight frequency
In the standard HEFCE estimate we applied the recommended assumptions that inbound EU students make two return trips during the academic year (one additional flight), while all other students make one return trip (no additional flights).
In the sensitivity analysis, we tested the impact of using the actual number of additional flights reported in the survey by each student, where this resulted in estimated emissions of 2,249 tCO2e, 84% higher than the standard HEFCE estimate. We also tested using the average number of additional flights made by students (by study group and domicile/destination group) as reported in Section 2 above. This gave excellent agreement (within 2%) to the estimate based on the actual number of flights, thus lending confidence to the use of these revised average flight frequencies in calculating emissions.
Conversion factor assumptions
In the standard HEFCE estimate we applied the recommended DEFRA/DECC (2014a) conversion factors which incorporate a distance uplift of 8% to compensate for lateral inefficiencies in flight tracks (deviations away from the GCD due to stacking, flying around military air space etc.) and a 'best-estimate' multiplier of 1.9 to account for the additional impacts of aviation emissions.
A recent analysis suggests that lateral inefficiencies as a percentage of GCD may differ substantially depending on flight route with average values of 14% for flights within Europe, 7% for flights departing Asia and arriving in Europe, and 5% for North Atlantic flights (Reynolds 2014) . Thus in the sensitivity analysis we applied an uplift factor of 14% for UKEurope flights and 6% for UK-RoW flights. Estimated emissions were 1,213 tCO2e, only 1% less than the standard HEFCE estimate.
As noted in DEFRA/DECC (2014a), there is significant uncertainty regarding the magnitude of the additional impacts of aviation emissions. The current recommended multiplier of 1.9 is based on the radiative forcing (RF) index (the ratio of total RF to the RF from CO2 alone) for all aviation emissions to the year 2000, and does not include aviation induced cloudiness (AIC) (DEFRA/DECC 2014b; Sausen, et al. 2005) . Notwithstanding that this estimate excludes AIC and is now somewhat dated, the RF index represents a backward looking perspective that considers the present day impact of historical aviation emissions. As such, this conflicts with the forward-looking perspective typically adopted in GHG emissions accounting (and all UK conversion factors), which considers the present and future global warming potential of emissions over a 100 year time horizon (GWP100). Recent estimates of an alternative multiplier including AIC and based on the GWP100 metric are in broad agreement, with Lee et al. (2010) reporting a range of 1.9-2.0, and Azar and Johansson (2012) reporting a range of 1.3-2.6. In the sensitivity analysis we adopted the full range of these reported values, with a central estimate of 1.95. Thus while accounting for the uncertainty in the additional impacts of aviation emissions at altitude results in estimated emissions ranging from 32% less to 37% more than the standard HEFCE estimate, the central estimate results in only a small increase of 3%.
Recommended assumptions
The sensitivity of estimated emissions to the choice of overseas airport is low (2%), thus given the additional complexity introduced by accounting for differences in flight route, we find that the HEFCE assumption of a flight route between LHR and the capital city of the overseas country is reasonable. Similarly, the sensitivity of estimated emissions to assumptions regarding uplift factor (1%) and the additional impacts of aviation emissions at altitude (central estimate 3%) is also low, thus we recommend use of the standard UK Government conversion factors in order to align with the national reporting framework. However, we find that the HEFCE assumptions regarding flight frequency are not appropriate, where utilising the actual number of flights increases the estimated emissions by 84%. We therefore recommend that HEIs should base emissions estimates on actual flight frequency as determined by a student travel survey, or employ our revised estimates of average flight frequency.
The significance of inbound student air travel emissions
This section contextualises student flight emissions by examining their significance in comparison to the emissions for 25 UK HEIs who reported against all available categories in the 2013/14 EMR return (HESA 2014b) . This analysis was limited to inbound students as outbound student data by country of destination was not available at an institutional level.
The reporting HEIs spanned the continuum from research intensive to teaching-led universities, one of the key determinants of HEI emissions (Klein-Banai and Theis 2013; Robinson et al. 2015) . Collectively, these HEIs accounted for 27% of mandatorily reported emissions, and had a moderately higher mandatory emissions intensity (1.2 tCO2e/student) and slightly higher proportion of international students (21%) than the sector as a whole (1.04 tCO2e/student and 19%). With respect to carbon management and reduction, the range in scores awarded to these HEIs by the PPUL (2015) was comparable to the UK average (see Appendix 1). Thus, while we make no claims that this sample is statistically representative, we believe it provides a reasonable picture of the UK HE sector.
For each institution, emissions from student flights were calculated from inbound student data by country of domicile (HESA 2015a) and the average flight frequencies (by domicile group) presented in Section 2. Results are presented in Figure 1 and Appendix 1.
[ Figure 1 near here] Overall, estimated inbound student flight emissions were equivalent to 65% of mandatorily, 27% of voluntarily, and 19% of total reported emissions. If VFR flights were included, this increased to 113%, 47%, and 33% respectively. This analysis clearly demonstrates the significance of student air travel in comparison to all emissions categories reported in the EMR, where student flights and VFR flights were the third and fourth most significant sources of emissions, after other procurement and Scope 2 emissions (Figure 1) . Furthermore, emissions within all current EMR reporting categories could realistically be expected to decrease over time given both the potential to reduce emissions and sector reduction targets. Conversely, international and study abroad student numbers are expected in increase (DBIS 2013) , and there are extremely limited options to decrease the associated travel emissions through increased efficiency of aviation or substitution of flying with alternative modes of travel (Townsend and Barrett 2015) . As such, it is important to evaluate the current and potential future emissions associated with student and VFR air travel for the HE sector as a whole in order to inform debate and identify appropriate approached to emissions reductions.
The potential significance of student air travel for UK HE Sector GHG Emissions to 2020/21
In this section we consider the current and potential future emissions from student and VFR flights in comparison to mandatorily reported emissions (HESA 2014b) for the UK HE sector. We first estimate emissions for 2013/14 based on inbound and outbound student data by country of domicile (HESA 2015a) and the average flight frequencies presented in Section 2 above. We then estimate emissions in 2020/21 based on 3 forecasts for growth in student air travel and 3 storylines for GHG reduction.
For forecasts of student air travel, we used low (0.7%), medium (3.7%) and high (6.7%) annual growth rates based on projected growth in international student enrolments (DBIS 2013) and assuming a similar growth in study abroad student numbers. As a first order estimate, we assumed no change in student demographics or student and VFR travel behaviours.
For forecasts of GHG reduction, the no reduction storyline holds HEI estates emissions and aviation fuel efficiency at 2013/14 levels. In the aspirational storyline, HEIs achieve Scope 1 and 2 targets (institutional targets against the 2005/6 baseline where reported in HESA (2014b), otherwise a 3% annual reduction assumed in line with national targets) and emissions from water supply and wastewater treatment decrease by 3% per year (in line with national targets). In the realistic storyline, HEI estates reductions are equivalent to 50% of the targets, in line with a recent report assessing current progress (BriteGreen 2015) . For aviation fuel efficiency, the realistic and aspirational storylines reflect the industry target and aspirational goal respectively (1.5% and 2.0% improvement per year; ICAO 2013). Inbound students and their VFRs account for 95% of estimated total air travel emissions (Figure 3) , reflecting the much higher number of students in this group. However, if emissions are considered on a per student basis (Figure 2) , then the highest impact is associated with outbound students studying abroad for 1 year in RoW destinations. While the emissions from student flights for this group are broadly comparable to those associated with inbound students from the RoW, the VFR emissions are much greater. This difference is mainly driven by a higher average flight frequency (as opposed to differences in average trip distance), which may reflect the relative wealth of outbound VFRs when compared to inbound VFRs.
Considering absolute emissions (Figure 3) , in 2013/14, student flight emissions slightly exceeded Scope 2 emissions and were equivalent to 68% of all estates emissions. If VFR flights are included, then total student air travel emissions exceeded estates emissions by 0.45 MtCO2e, or ~19%. From 2013/14 to the 2020/21 central scenario, estates emissions decreased by 0.32 MtCO2e to 2.08 MtCO2e, while student flight emissions increased by 0.26 MtCO2e to 1.89 MtCO2e (equivalent to 91% of estates emissions). Thus in this scenario, estates emissions reductions compensate for the growth in student flights. However, if estates emissions reductions are used to offset the growth in flights, then the net estates emissions reduction is only 0.05 MtCO2e (equivalent to a 2.5% reduction below the 2005/6 Scope 1 and 2 baseline). Furthermore, if emissions from VFR flights are included, then overall emissions increase by 0.14 MtCO2e.
In all 2020/21 scenarios the relative significance of student flight emissions increases over time, ranging from 72% (no reduction-low growth) to 136% (aspirational-high growth) of estates emissions (Figure 4) . Reductions in estates emissions compensate for the growth in emissions from student flights in all of the aspirational scenarios and the realistic-low andmedium growth scenarios. For the remaining scenarios, the growth in student flight emissions outstrips the estates reductions, where in the realistic-high growth scenario, emissions from student flights could reach ~2.31 MtCO2e by 2020/21 (equivalent to 111% of estates emissions). If VFR flights are included, then reductions in estates emissions only compensate for the growth in student numbers in the aspirational-low and -medium and realistic-low growth scenarios, with a net increase in all other cases.
Conclusions and Recommendations
This research has clearly demonstrated the current and potential future significance of GHG emissions arising from the air travel of international and study abroad students and their associated VFRs when compared to other components of the carbon footprint for UK HEIs. Indeed, scenario analysis suggests that by 2020/21 increases in student and VFR flight emissions are likely to exceed the reductions achieved in estates emissions unless HEIs reinvigorate efforts to achieve their ambitious reduction targets, and/or there is close to zero annual growth in inbound and outbound student numbers.
We acknowledge that HEI responsibility for these emissions can be questioned. However, the flight made by the student at the start and end of the study period is clearly induced by HEI service offerings, and should therefore be included within Scope 3 emissions. With respect to additional flights, we argue that when offering overseas education over an extended period, it is reasonable to expect that students may travel home during that period, and therefore additional flights should be evaluated. We also highlight that if HEIs took action to encourage fewer student flights, it is conceivable that a behavioural rebound-type effect might occur, where the number of VFR flights increases to maintain a similar degree of student-VFR contact. Indeed, a backfire effect, where the increase in VFR emissions exceeds the decrease in student flight emissions, would be plausible.
Given the significance of student and VFR flights and the potential for rebound and backfire effects, we consider it imperative that UK HEIs develop an accurate picture of these emissions in order to identify effective reduction options (that deliver a net reduction in global emissions) and inform both their carbon management and internationalisation strategies. We therefore recommend that funding bodies and devolved governments should encourage HEIs to estimate and report these emissions based on a survey of student travel behaviour or our estimates of average flight frequencies.
We acknowledge that by arguing that all student flights are induced by HEI service offerings, we adopted a particular perspective on accounting for student travel emissions. Further work examining alternative approaches to determining attributable emissions would make a valuable contribution to the responsibility debate, and would help define the extent to which the HE sector should (or could) mitigate or compensate for these emissions. In particular, evaluating incremental emissions (based on a comparison of flight frequency, including leisure trips, between those who do and do not study overseas), and examining perceived responsibility and potential approaches to allocating emissions amongst the various beneficiaries (students, UK and overseas partner HEIs, airports, airlines) may prove helpful.
Perhaps most importantly, there is a need to identify and examine alternative internationalisation strategies that have the potential to offer a reduced carbon footprint while providing equivalent access to and quality of tertiary education and opportunities to experience other cultures. In theory, the provision of transnational education through branch campuses and collaborative delivery mechanisms may offer such an alternative. However, whether these initiatives result in a net decrease in travel emissions is questionable and requires evaluating, where they may even result in a net increase (c.f. Wilkins and Huisman, 2010) .
Even if all reasonable options for reducing the carbon consequences of the internationalisation agenda were considered and implemented, it seems virtually certain that substantial student and VFR flight emissions will remain. Thus if HEIs are to deliver a significant reduction in total emissions, offsetting will likely prove necessary. Thus, further work should also be undertaken to examine the acceptability of offsetting emissions from the perspective of both the HEI and the students. Table 4 . Average number of additional return flights per year or within the study period for outbound students by region of destination and duration of study period. Rest of the World 305 43.9 18.0 17.4 6.2 8.9 5.6 a 1.4 ± 1.9
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